Increasing women's participation in computer science is a critical workforce and equity concern. The technology industry has committed to reversing negative trends for women in computer science as well as engineering and information technology "computing" fields. Building on previously published research, this paper identifies factors that influence young women's decisions to pursue computer science-related degrees and the ways in which these factors differ for young men. It is based on a survey of 1,739 high school students and recent college graduates. Results identified encouragement and exposure as the leading factors influencing this critical choice for women, while the influence of these factors is different for men. In particular, the influence of family is found to play a critical role in encouragement and exposure, and outreach efforts should focus on ways to engage parents.
INTRODUCTION
Previous studies that examined the factors that motivate students to pursue studies or careers in technology typically: 1) had small sample sizes, 2) were conducted with students from a particular institution or geographic region, and 3) measured 2-3 independent variables. Our study: 1) surveyed 1,739 young men and women, 2) used a nationally-representative population, 3) considered 91 variables identified in the literature, 4) grouped these into factor scores, and 5) controlled for all significant variables in our analysis. Our analyses allowed us to rank the influence of each variable on young women's decisions to study computer science (CS), along with engineering or information technology (IT) fields. Social encouragement was determined to be one of the most powerful influencers on the decision to pursue these fields-considerably stronger for women than for men. This paper focuses specifically on gender differences in the way such factors influence the decision to pursue computing and related fields.
RELEVANCE
According to the National Science Foundation [16] Science and Engineering Indicators, women make up only 26% of Computer Science and Mathematical Science professionals in the United States. These numbers are even more stark when considering that while degree conferment for the proportion of women in science, technology, engineering and mathematics (STEM) is trending upward, the proportion of women in computer science, specifically, has declined to 18% from a 37% peak in the mid-1980s [17] . In addition to issues related to equity and workplace diversity, the lack of female participation in computer science exacerbates a problem with labor supply shortages: the overall need for computing professionals has severely outstripped the number of graduates entering the workforce [16] . Moreover, evidence has shown that more diverse teams produce better products. Page [19] , for example, found that when solving complex problems, diversity of skills, perspectives, and abilities leads to a better outcome. This has further motivated industry to officially address its lack of diversity.
A wealth of research has investigated factors that influence girls' interest in STEM and CS (e.g., [8, 11] ). Studies on gender differences showed that women more often ranked their most important life goal as "helping other people" [3] , which may be an important influence for girls. Societal influences include a lack of female STEM characters in television and pop culture [2] , negative stereotypes about girls' abilities, and negative perceptions about computing as a course of study or career option (e.g., [4] ). Parental encouragement to study science and mathematics increases the likelihood of a young adult pursuing [7] and persisting in STEM careers [6] . However, parents' evaluation of their children's abilities differs by gender-in particular, this translates to differences by child gender in parents' perceptions and encouragement of their child's interest in STEM fields (e.g., [5] ). Families purchase more STEM games or manipulative materials for boys than for girls [13] , and parents of boys believe that their children like science more than parents of girls, more often overestimating their child's science ability than do parents of girls [5] .
Girls can develop more positive perceptions of CS-related fields if they receive encouragement at home [12, 15] . In a survey of scientists, Sonnert [21] found that women were more likely than men to mention a parent as an influencer, and that fathers were more often cited as influencers than mothers were.
DATA SOURCES
To ensure a statistically relevant study with a high level of confidence (95% or better) and a small margin of error (5% or less), 1090 young women and 649 young men were surveyed in accordance with the following: Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. • Geographically and academically diverse, across the US • 50% high school, 50% recent college graduates • 50% interested in or had studied a computing-related field
METHODS
As a first step, we reviewed existing studies in order to: a) determine a comprehensive set of influencing variables, b) identify strengths and limitations and incorporate best practices from previous studies, and c) refine our study's hypothesis around influencing variables. Our review resulted in 91 statistically relevant variables with the potential to influence a decision to pursue a computer science or related mathematics, IT or engineering degree.
The survey was developed to measure the 91 variables' influence on the dependent variable: interest in studying CS and related fields or not. The survey was given online to participants.
Participants were initially recruited via Research Now and their partners' panels of high school juniors and seniors and recent college graduates. To supplement low response rates on the panels (< 5%), particularly from high schoolers and men, river sampling was used to solicit participants via online banner ads with incentives and snowball referrals with small monetary incentives were used by asking respondents to refer others, particularly computer science women. Women and those interested in or who had studied computer science were oversampled for this study. To obtain a nationally-representative sample, quotas for age and gender were used and data on ethnicity and geographical region were weighted after data collection.
Using factor analysis [10] , all 91 variables were combined into 25 factors used concurrently to control for highly correlated variables. To control for related influences and fairly evaluate competing factors, the survey results were analyzed using logit regression-a form of statistical modeling used to predict binary outcomes [1] . We used logit regression to rate the importance of factors in predicting interest in pursuing the computing-related fields. We used this analysis to measure the strength of the relationship between dependent variables (wanting to pursue a CS-related degree) and independent variables (e.g., the life experiences and opportunities that may lead to that choice).
RESULTS
Results suggest the high school model for girls' influencers has a very high Pseudo-R2, as shown in Figure 1 . The influencing factors contribute to 60.5% of the dependent variable-an exceptionally high score that translates to reasonably accurate influence modeling. Our study found that encouragement and exposure are key controllable indicators for whether or not young women decide to pursue a computing-related degree. The top four influencing factors for young women-and notable gender differences related to these factors-were as follows:
Social Encouragement
Social encouragement includes positive reinforcement from family, teachers, and peers, and for the high school model, comprises 28.1% of the explainable factors influencing a young woman's wanting to pursue a computing-related degree. Encountering this encouragement in an extracurricular setting also has a large impact. Our findings suggest encouragement from non-family (11%) is almost as important as familial support (17%) for young women (see Figure 2 ). Overall, encouragement from family (parents and siblings) as well as from non-family (teachers, role models, peers, and media) contributed significantly more to girls' decisions to pursue a computing-related degree when compared to boys. Figure 3 shows that, across the various types of social encouragement, CS girls were most likely to be encouraged by their mother, father, sibling, teacher, or friends and peers. On the other hand, non-CS girls were least likely to receive encouragement from all except their teacher. And, of particular note is the discrepancy within genders: the discrepancy between encouragement received for CS girls and for non-CS girls was much larger compared to the discrepancy between encouragement for CS boys and for non-CS boys. In other words, of those who were not interested in CS-related fields, boys were more likely to be encouraged while of those who were interested in CS-related fields, girls were more likely to be encouraged.
For both the high school and the college model, the occupation of parents was statistically insignificant when controlling for other variables. Although parents with computing backgrounds may offer more encouragement, what seems to matter most is encouragement, not whether this encouragement was from someone with technical expertise. This is particularly important since even though encouragement is much more important to young women than to young men (Figure 2 ), young women are less likely than young men to receive that encouragement (in any form). Furthermore, while encouragement from family is the most . influential variable overall and is more important for young women than for young men (17% vs. 8%), there is an even larger discrepancy in the influence of encouragement received from nonfamily members (11% for females vs. 0% for males; Figure 2 ). Figure 4 shows the differences in parent encouragement received for both women and men college graduates. Not surprisingly, most CS graduates received encouragement from parents. However, of the non-CS graduates, only 12% of women vs. 21% of men received encouragement from mothers, and similarly, only 19% of women vs. 30% of men received encouragement from fathers. As discussed above for high school students, similar discrepancies were found for those not interested in computer science and related fields. Thus, of those interested in CS, more girls are encouraged than boys while of those not interested in CS, more boys are encouraged than girls, and our analyses show that encouragement is a highly influential factor for girls (Figure 1) .
The major takeaway is that efforts to increase girls' interest in computing should include a parent education component, so that they know how to actively encourage their daughters. Parents who are not in technology fields need to know that their words and actions have an impact, and should feel confident encouraging their daughters to try out computing.
Career Perceptions
Another key finding concerns the familiarity with and perception of computing as having diverse applications and a broad potential for positive societal impact. At 27.5%, a high school girl's perception of computer science and its associated careers is the second most potent explainable factor influencing the pursuit of a computer science degree.
Specifically, interest in a career with social impact was negatively influential for both boys and girls, but significantly more influential for boys than girls at the pre-college level. This means that boys are significantly more likely to not want to study CS-related fields than girls if they were interested in a career with social impact. On the other hand, the social crowd in CS courses was significant only for girls, steering girls away from CS if the social crowd was not like them. And, of the college graduates population, 44% of young women who majored in computer science believed that first year computer science courses were geared towards male interests.
Furthermore, perceptions from role models is a much stronger influencer for women than for men, as shown in Figure 5 . Of the college graduates, more women CS majors strongly agree that "Role models gave me a good impression of CS" than men CS majors. On the other hand, many more women non-CS majors strongly disagreed with the statement, even compared to men non-CS majors. Thus, women may be more strongly impacted than men by role models in the field.
The negative potential associated with flawed or incomplete career perceptions is twofold: 1) not understanding computing fields makes an informed decision more difficult and, 2) an incomplete perception of the discipline actively dissuades young women from considering it. The end result is that young women unfamiliar with computer science and its broad applications have difficulty visualizing it outside the narrow scope often presented in popular media. They may be unable to perceive computer science-related careers as fulfilling both the academic passion (inventing, problem solving, exploration, etc.) and the intangible, 
Academic Exposure
The ability to participate in computer science courses and activities accounts for 22.4% of the explainable factors influencing whether girls say they want to pursue a computer science-related degree. This includes participation in structured (e.g., graded studies) and unstructured (e.g., after-school programs) activities.
Importantly, having taken a CS course before college plays a significantly larger role for girls than boys in choosing to study CS-related fields. And, influential factors for high school girls only included logistical and social aspects of participation; scheduling issues and courses not counting for requirements as well as lack of friends in the courses influenced girls to not take CS courses. Thus, exposure, utility, and broad participation in CS courses may be key for increasing the number of girls pursuing computer science.
Among the college population, those who had the opportunity to take the Advanced Placement (AP) Computer Science A exam were 46% more likely to pursue a computing major. This is particularly true for women, who are 38% more likely to pursue a computing degree after having taken AP Computer Science in high school. Yet, in high school, girls interested in computer science most often cite not having space in their schedules or classes being full as reasons for not having taken computer science.
In addition to examining the influence of AP coursework specifically, the study controlled for varying high school curricula (e.g., no computer science classes, compulsory classes, and elective classes) and the accessibility of extra-curricular programs (e.g., clubs and camps) and found that, regardless of how they were exposed, young women who had opportunities to engage in learning about computer science were more likely to consider computing-related degrees than those without those opportunities.
Furthermore, among college graduates who did not major in CS, a larger percentage of women than men were not able to recall the availability of CS classes (AP and non-AP), extracurricular CS classes, extracurricular CS clubs, and CS camps (see Figure 6 ). This shows that there is a greater lack of awareness of CS opportunities among women when compared to men. Following this, Figure 7 shows that of those who did not major in CS, a larger percentage of women than men indicated that they disagreed that they understood the difference between IT and CS, while a larger percentage of men than women in CS indicated that they strongly agreed with the statement. We also found that scholarships for studying CS were significantly more influential for women than men. This provides an important practical implication that offering scholarships to women is a means of broadening awareness, exposure, and participation.
The key takeaway is that the specific type of participation is statistically insignificant when measured against having been exposed in some way. This seems to be a case of "anything is better than nothing." Early exposure to computer science is important because familiarity with a subject can generate interest and curiosity while establishing a sense of competency. Moreover, even a basic understanding of computing provides insight into viable career paths within the field and how those careers can be leveraged to achieve personal goals. Increasing awareness through exposure, encouragement, and support can help provide a broader and more complete picture of computer science as relevant to girls' lives and help widen participation.
Self-Perception
Finally, girls' interest in and perceptions of their own proficiency in mathematics and problem-solving significantly influence their wanting to pursue a computing-related education.
In the high school model, this perception comprises 17.1% of the explainable factors. No significant differences in this factor were found between girls and boys, though of high schoolers interested in CS and related fields, girls were more likely than boys (81% vs 66%) to agree that they were "always in the top or 'honors' math classes." Among college students who had studied CS, women were significantly more likely than men (76% vs. 65%) to agree with the statement "I love math" (see Figure 8) .
This positive self-perception provides internal encouragement in the form of ongoing confidence in one's abilities. Families and educators can foster positive self-perception by encouraging interest in mathematics and tinkering and creating safe opportunities for girls to explore and build these skills.
The high influence of self-perceptions confirms previous studies on the influence of self-confidence on students' persistence, career interests, etc. (e.g., [9, 14, 18, 20, 23] ), which have shown that girls usually have lower self-confidence than boys. As a consequence, girls' lower confidence discourages them from pursuing these fields. Furthermore, encouragement has been found to help increase confidence [22] , and shows the interrelatedness of the various influencing factors. Thus, selfperception is a key factor in choosing to study CS for both genders, with interest and confidence in technical subjects potentially more influential for girls.
SIGNIFICANCE
Our study addresses a major societal issue that speaks to the concerns of advocates for women and workforce development. Our findings offer actionable recommendations by identifying the top factors influencing women to study computing fields.
The study found most of the decision-making to pursue computer science-related fields, including engineering and IT, occurs before a young woman begins college; once she enters college, application requirements and variable interdependence are so tightly coupled that the decision becomes less malleable. As a result, the factors with the most influence are associated with pre-college experiences.
The most heartening outcome of the study is the limited role that uncontrollable factors play in influencing the pursuit of a computer science degree. For example, for high school girls, uncontrollable factors like household income and ethnicity contribute to only 4.9% of the explainable factors-statistically insignificant when compared to factors that can be controlled. Not only do uncontrollable factors play a limited role in explaining a young woman's decision to pursue a computer science-related degree, the controllable factors of encouragement and exposure are the largest influencers.
Exposure to and the ability to enroll in computer science courses in-or out-of-school are critical to girls pursuing CS in college. Encountering encouragement in an extracurricular setting may have a large impact because it fosters peer encouragement and places computing in a social context. Accordingly, parents . have a key role to play in giving girls the experience and confidence to pursue interests in these fields-either by advocating for computer science and related classes in their children's schools or by identifying opportunities in the local community (or online) to explore their learning. Parents and families can foster positive self-perception by encouraging interest in mathematics and tinkering and creating safe opportunities for girls to explore and build these skills. Our research suggests it is important to help parents and educators learn how to draw attention to the wide applicability of computing to a variety of fields. The negative potential associated with flawed or incomplete career perceptions is two-fold: 1) not understanding computing fields makes an informed decision more difficult and 2) an incomplete perception can actively dissuade young women from considering one of these fields. The end result is that young women unfamiliar with computer science and its broad applications may have difficulty visualizing it outside the narrow scope often presented in popular media. They may be unable to perceive computer science-related careers as fulfilling both the academic passion (inventing, problem solving, exploration, etc.) and the intangible, social passions (helping people, conservation, medical breakthroughs, etc.) that make a profession personally rewarding.
The bottom line is that the factors most related to female participation in computing are actionable, and understanding the differences between the way such factors influence men and women will help inform our approaches to taking action. That's not to say this is a problem that can be solved easily, but it is a problem that can be tackled with deliberate and directed action focused on encouragement and exposure.
